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Tuesday, February 18, 2014 593asuperoxide dismutase (SOD1). Numerous studies link UCP2, a member of the
uncoupling protein family, to protection of neurons from mitochondrial
dysfunction and oxidative damage in various mouse models of acute stress
and neurodegeneration, including Parkinson’s disease. Here, we tested the po-
tential neuroprotective effects of UCP2 and its ability to modulate mitochon-
drial function, in the G93A mutant SOD1 mouse model of familial ALS.
Disease phenotype, mitochondrial bioenergetics, and calcium capacity were
investigated in the central nervous system of double transgenic mice, express-
ing both human mutant G93A SOD1 and human UCP2 (hUCP2). Unexpect-
edly, hUCP2 expression accelerated the disease course of SOD1 mutant
mice. In addition, we did not observe a classical uncoupling effect of
hUCP2 in G93A brain mitochondria, although we did detect a decrease in reac-
tive oxygen species (ROS) production from mitochondria challenged with the
respiratory chain inhibitors rotenone and antimycin A. We also found that
mitochondrial Ca2þ capacity was decreased in the double transgenic mice,
as compared to G93A mice. Taken together our results indicate that the neuro-
protective role of UCP2 in neurodegeneration is disease-specific and that,
while a mild uncoupling by UCP2 in brain mitochondria may protect against
neurodegeneration in some injury paradigms, the mitochondrial damage and
the disease caused by mutant SOD1 cannot be ameliorated by UCP2
overexpression.
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Introduction: Mitochondrial Ca2þ uptake is thought to be mediated by the Ca2þ
uniporter (MCU). Uncoupling proteins (UCPs) are located in the inner
mitochondrial membrane and belong to a superfamily of mitochondrial ion
transporters. The possible role of UCP proteins in modulating mitochondrial
Ca2þ uptake via the mitochondrial MCU is highly controversial.
Methods: To address this question, we isolated intact cardiac mitochondria
from adult wild-type (WT), B6.129S4-Ucp2tm1Lowl/J (UCP2-/-) mice and
analyzed mitochondrial Ruthenium360 (Ru360) sensitive Ca2þ uptake via
Rhod2-AM. To further investigate if UCP2 modulates MCU single-channel
activity cardiac and liver giant mitoplasts which also lack UCP3, were investi-
gated by mitoplast-attached single-channel recordings.
Results: Isolated mitochondria in both WT and UCP2-/- mice showed a Ru360
sensitive mitochondrial Ca2þ uptake which was significantly decreased in
UCP2-/- mice. Single-channel registrations confirmed a murine voltage-gated
Ca2þ channel, i.e. mCa1, which was inhibited by a low concentration of
Ru360 indicating that mCa1 underlies the MCU. In heart and liver giant mito-
plasts of UCP2-/- mice mCa1 was also present, however exhibiting a decreased
single-channel activity. Additionally, we observed an inhibitory effect of ATP
on mCa1 activity in mitoplasts from WT mice while no effect was observed in
UCP2-/- mitoplasts.
Conclusion: Our experiments indicate regulatory effects of UCP2 on MCU ac-
tivity. Furthermore we propose that previously described inhibitory effects on
MCU by ATP may be mediated via UCP2. Experiments performed on liver gi-
ant mitoplast suggest that neither UCP2 nor UCP3 are essential compounds of
the MCU.
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Introduction: Mitochondrial Ca2þ handling modulates the spatial and temporal
profile of intracellular Ca2þ signaling. It is mainly mediated by the mitochon-
drial calcium uniporter (MCU). Uncoupling protein-2 (UCP2) a mitochondrial
membrane protein has been proposed to be fundamental for MCU activity.
Whether cellular excitation contraction (EC) coupling is modulated by UCP2
remains to be determined.
Methods: To investigate this scenario, we isolated intact cardiomyocytes from
adult wild-type (WT) and B6.129S4-Ucp2tm1Lowl/J (UCP2-/-) mice to
analyze dual Ca2þ transients from the mitochondrial ((Ca2þ)m) and intracel-lular compartment ((Ca2þ)c) in the whole cell configuration using Rhod2-AM
and Fluo4 pentapotassium salt. We also tested whether the previously
described inhibitory effect of ATP on mitochondrial Ca2þ uptake could be
mediated by UCP2. To detect possible regulatory effects on sarcolemmal
Ca2þ uptake in UCP2-/- mice, trigger Ca2þ influx was measured using
Ryanodine.
Results: In cardiomyocytes of WT mice (Ca2þ)m was selectively decreased by
Ruthenium360 (Ru360) while (Ca2þ)c was upregulated. The (Ca2þ)m was
decreased in UCP2-/- myocytes compared toWTwhile (Ca2þ)c was unchanged
suggesting a compensational modulation of EC coupling. Trigger Ca2þ influx
was reduced in UCP2-/- vs. WT myocytes, presumably to prevent cytosolic
Ca2þ overload. Additionally, we observed an inhibitory effect of ATP on mito-
chondrial Ca2þ uptake in myocytes of WT mice while no effect was observed
in UCP2-/- mice.
Conclusion: Our experiments suggest a possible role of MCU and UCP2 inter-
action in controlling mitochondrial Ca2þ uptake as well as EC coupling.
Cellular Pathways and Networks: Prokaryotic
and Eukaryotic
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HER2 overexpression drives tumorigenesis in a large subset of breast cancers
and pharmacological inhibition of this receptor tyrosine kinase is currently used
in the clinic for these patients. While all of the cancer cells within the tumor are
dependent on HER2 signaling, treatment with HER2 inhibitors results in the
establishment of two separate populations; cells that undergo apoptosis and
cells that survive. The mechanisms underlying the decision-making processes
are not well understood.
In this study, HER2 positive breast cancer cell lines were utilized to model
the signaling and gene expression changes in distinct populations of
inhibitor-treated breast cancer cells. Previous studies have demonstrated
that lapatinib induces a gene expression program that is comprised of both
anti-apoptotic and pro-apoptotic genes. This provides the possibility that dif-
ferential gene expression in the apoptotic and surviving populations may
account for the commitment to cell fate. To directly test this, BT474 cells
(a cell line derived from the tumor of a HER2-positive breast cancer patient)
were treated with the small-molecule HER2 inhibitor, lapatinib (TykerbTM),
for 24 hours, labeled with AnnexinV-FITC (apoptotic marker), and sorted
using FACS. Differential gene expression analysis demonstrated that the
surviving population had dramatic increases in the levels of several genes
including irs2. IRS2 is an adaptor protein that may be able to bypass
HER2 and signal to the major growth pathways. Ongoing experiments are
further characterizing the temporal profile of this induction in the two popu-
lations. Experiments using siRNA to silence FOXO3a have demonstrated that
the induction of irs2 is mediated by this Forkhead-family transcription factor.
These results provide the basis for a model where HER2 inhibition differen-
tially modulates gene expression in a cell population, thereby driving distinct
cell fates.
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It has been proposed that differential activation kinetics allows cells to use a
common set of signaling pathways to induce different cellular outcomes. For
example, nerve growth factor (NGF) and epidermal growth factor (EGF)
induce different activation kinetics of extracellular signal-regulated kinase
(ERK) and result in the distinct outcomes of differentiation and proliferation,
respectively. However, direct and quantitative linkage between time kinetics
of ERK activation and the cellular response is still lacking due to difficulties
in perturbing the kinetics of intracellular signaling pathways. Here, we
construct a light-gated protein-protein interaction system that uses light to
regulate the activation and inactivation of ERK. We find that light-
induced ERK activation alone is sufficient to stimulate significant neurite
594a Tuesday, February 18, 2014outgrowth in PC12 cells in the absence of growth factors. Intermittent on/off
light control reveals a memory effect in ERK-stimulated neurite outgrowth
in PC12 cells. The memory effect shows a 45 min off-time threshold, below
which a full-speed neurite outgrowth is maintained despite that ERK is
gradually turned off. When the off-time is greater than the threshold, the
speed of neurite outgrowth decreases with a half time of 2 h as cells slowly
lose their memory of prior ERK activation. Interestingly, the 45-min time
threshold and the 2-h half time memory are independent of the prior dura-
tion of ERK activation. Overall, light-controlled signaling kinetics enables
precise dissection of the temporal dimension of signal transduction in cells.
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Understanding the fundamental basis of cell fate determination is a critical
challenge in biology. The Caulobacter bacterium provides the simplest model
system for studying asymmetric cell division. Caulobacter’s cell cycle regula-
tory circuit is controlled by a dynamically localized signaling network and tar-
geted proteolysis. This network has been well characterized both genetically
and biochemically. However, little is known about the underlying spatiotem-
poral mechanisms controlling this circuit. Optogenetics techniques offer an
unprecedented way to reversibly alter protein localization in vivo in seconds
time resolution. We have adapted a light-inducible dimerization system to
Caulobacter and introduced light controlled "spatial-mutations" for driving a
diffuse protein to specific cellular ad-
dresses. We then used these mutations to
develop an in vivo spatiotempotal protein
interaction assay (opto-conn) to determine
whether two proteins are in complex in
vivo at a specific cellular address and
time point of the cell cycle. Using opto-
conn, we are dissecting Caulobacter’s
regulation pathways by altering the locali-
zation and interactions of its key regula-
tory proteins.3000-Pos Board B692
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The EnvZ/OmpR two component regulatory system in bacteria regulate the
porin genes ompF and ompC in response to the changes in osmolality of the
environment. At low osmolality, levels of phosphorylated EnvZ (EnvZ-P)
are presumably low, leading to a low amount of OmpR-P. This in turns pro-
duces the porin OmpF. On the other hand, at high osmolality, EnvZ-P, and
thus OmpR-P levels increase. This represses ompF and produces OmpC.
While the general mechanism is known mainly from genetics and biochem-
ical studies, it is difficult to monitor dynamic changes such as the effect of a
sudden change of osmolarity and study how that alters the interaction be-
tween EnvZ, OmpR and DNA. Thus we employ single-molecule-sensitive
fluorescence spectroscopy to study their interaction under differing osmolal-
ities. The cytoplasmic portion of EnvZ (EnvZc) has been shown to be the
osmo-sensor (Wang et al., EMBO J, 2012). Thus we purified a cysteine
EnvZc mutant (EnvZc294C) and labeled it with Alexa568 at its lone
cysteine residue. Using fluorescence correlation spectroscopy (FCS), we
showed that EnvZc294C labeled with Alexa 568 (EnvZc294C-A568) binds
to OmpR with a dissociation constant Kd of 92 5 33 nM in solution. It
was also observed that two OmpR molecules bind to a single EnvZc294C-
A568 dimer in a cooperative manner. Fluorescence cross-correlation spec-
troscopy (FCCS) experiments indicated that OmpR labeled with Alexa488
(OmpR-A488) binds to EnvZc294C-A568. With these preliminary results,
we are currently anchoring EnvZc294C-A568 onto supported lipid bilayers
followed by addition of OmpR-A488. These experiments will explore the ef-
fect of changing osmolality, in the presence or absence of ATP and/or DNA,
on the interaction between EnvZc, OmpR and DNA by mimicking the
organization of proteins in living bacteria. Supported by Mechanobiology
RCE from the Ministry of Education, Singapore and VA5IO1BX000372
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An individual cell’s metabolic behavior is dependent on several factors,
including both its protein-expression state as well as the availability of nutrients
in its local environment. These two factors are not always independent; several
transcription and translational regulatory systems allow the cell to respond to
changes in its environment by adjusting the expression of metabolic enzymes,
and thereby shifting its usage among different substrates. By integrating two
methods for modeling whole cell phenomena, namely time-dependent reac-
tion-diffusion master equation (RDME) sampling and steady-state flux-balance
analysis (FBA), we are able to study how the competition for resources among
bacteria in a dense colony gives rise to local micro-environments, and how
these micro-environments in turn give rise to drastically different metabolic be-
haviors among cells. We find, in particular, that cooperative behavior can
emerge among cells within the colony. Cells in the anaerobic interior of the col-
ony partially metabolize glucose to acetate, which can then be taken up and
metabolized by cells on the more aerobic periphery of the colony.
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The agent of the epidemic human disease cholera is Vibrio cholerae, a bacte-
rium which produces cholera toxin via a virulence pathway that has previously
been described biochemically. Various environmental stimuli affect this
pathway, which is halted when the cell density is low. One virulence pathway
component, TcpP, is a transcription activator that acts in concert with other
membrane proteins, ToxS, TcpH and ToxR to regulate ToxT expression.
TcpP regulation is itself mediated by various cellular signaling pathways.
One popular model for the life of each TcpP molecule suggests that TcpP is
coupled to a complex made up of ToxR, TcpH and DNA during transcription,
and that TcpP is decoupled from this group upon the deactivation of the viru-
lence pathway before degradation by regulated intramembrane proteolysis.
This volume change of the diffusing TcpP particle should cause a measurable
change in the rate of diffusion as predicted by the Einstein-Stokes equation.
Here, we use single-molecule super-resolution fluorescence microscopy to
measure the motion of individual TcpP molecules labeled with the photo-
activatable fluorescent protein PAmCherry in live V. cholerae cells. Further-
more, we prepare our samples for imaging within an agarose microfluidic
device, in which we set up a linear gradient of spent media inside to simulate
increasing cell density. By imaging single cells at different signal concentra-
tions on a single slide, variations in preparation or initial cell state will be de-
coupled from the effect of cell density on the mobility of TcpP, and we observe
changes in TcpP-PAmCherry diffusion that we explain in the context of differ-
ences in the virulence pathway activity level.
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Micro-organisms often form complex multicellular assemblies such as bio-
films and colonies. Understanding the interplay between assembly expansion,
metabolic yield, and nutrient diffusion within a freely-growing colony remains
challenging. Most data available about micro-organisms are from planktonic
cultures, due to the lack of experimental tools to observe multicellular assem-
blies. Here, we propose a method to tackle this problem by constraining the
growth of yeast colonies into simple geometric shapes such as cylinders. To
this end, we designed a simple, inexpensive, versatile culture system to control
the location of nutrient delivery below a growing colony. Under such culture
conditions, yeast colonies grow vertically and only at the locations where nu-
trients are delivered. Colonies increase in height at a steady growth rate which
is inversely proportional to the cylinder radius. We show that the vertical
growth rate of cylindrical colonies is not defined by the single cell division
rate, but rather by the colony metabolic yield. This contrasts with cells in liquid
culture, in which the single cell division rate is the only parameter that defines
the population growth rate. This method also provides a direct, simple method
to estimate the metabolic yield of a colony. Our study further demonstrates the
